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^ (54) Haisaiwe H3o6 pcreH h a : CHOCOE H3MEHEHKH TEHETHHECKHX CBOftCTB OPrAHH3MA 

(57) Abstract: The invention relates to the field of molecular biology, molecular genetics, and biotechnology and can be used 
for purposes of genotherapy as well as in agriculture, industrial biotechnology for-genc specific silencing of genes whose 
expression promotes the development of different diseases and infringes upon a process for producing a required product. The 
fS invention proposes a method for modifying the genetic characteristics of organisms by means of RNA interference resulting in 
^ the gene-specific silencing of the selected gene with the aid of RNA molecules. The molecules are synthesised in vitro using the 
i-H RNA molecules which are complementary in a parallel direction with (pcRNA) raRNA of the selected gene which are 
O synthesised in vivo or in vitro on an artificial sequences of DNA which possesses a mirror-symmetrical sequence of nucleotides 
Q in respect to the sequence of the gene nucleotides. The invention provides a genera! approach to the modification of the genetic 
characteristics of an organism based on the biological characteristics of mirror- inverses of the nucleotide sequences being 
^ achieved through RNA-interference which brings about gene-specific silencing. 
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(57) Pc<»cpiT: H306peTeHHe OTHOCHTCfl K o6jiaCTH MOJiexyJlHpHOH 6HOJJOTHH, MOJieKyn^ipHOH 

reHeTHKe h 6HOTexHOJiorHH h MoaceT 6hrrb HcnoJiwoBaHO mix uenefi reHOTepanHH b 
MeOTUHHe, a Taieace b ccjibckom xoaxficTBe h b npoMMiiuieHHOH 6HOTexHo;iorHH jxnx reH- 
cneuH<j)HHecKoro caiixiCHCHHra Tex reHOB, 3KcnpeccHH KOToptrx cnoco6crByer pa3BHTHK) 
Tex hjih hhux 3a6ojieBaHHH hjih HapymaeT npouecc Hapa6oncH Heo6xoflHMoro npoayicra. 

IlpeAJioaceH cnoco6 H3MeHeHH* reH eTH h ecKHx cbohctb opraHH3M0B nyreM PHK- 
HHTep (j) ep emmH , npHBOflamefi k reH-cneuH<|)H^ecKOMy caHJieHCHHry Bu6paHHoro reHa c 
noMombK) MOJieKyn PHK, cHirrempoBaHHKix in vitro, npH stom Hcnojit3yiOT MOJieicyjibi 
PHK, KOMnn eM eHTapHBJe b napajinejitHOM HanpaaneHHH (nKPHK) mPHK Bu6paHHoro 
reHa, KOTopwe cHHTesnp yK)T in vivo hjih in vitro Ha HCicyccTBeHHOH nocJienoBaTeJibHOCTH 
£HK, HMeiomeii 3epKajibHO-CHMMeTpHHHyio nocjieaoBaTejibHocTb HyKueonmoB no 
OTHOiueHHK) k nocjieflOBaTenbHOCTH HyKJiecnwoB reHa. 

H3o6pereHHeM npconoaceH o6whh noflxoa k H3MeHeHHK> reHeTHHecKHx cbohctb 
opraHH3Ma, ocHOBaHHMH Ha 6HOJiorKHecxHx cbohctb ax 3epicajibHux HHBepcHH 
HyKJieoTHijHiix nocneflOBaTem»HOCTeH h peanH3ywiuHHc>i b PHK-Hirrep<})epeHUHH, 
npHBOiwuien k reH-cneitfi4)HHecKOMy caiuieHCHHry. 
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CnOCOS H3M6H6HHH reHCTHHCCKMX CBOHCTB OpraHH3M3 
06iiaCTb TGXHMKH 

M3o6peTeHHe othochtch k oGjiacTH MOJieicyjiapHOH ohojiohih, MOJieKynapHOH 
5 reHeTHxe h 6HOTexHonorHH h mokct 6brrb HcnoJiB30BaHO jvm uejien reHOTepannn b 
MCBmjHHe, a raioKe b cejibCKOM xo3hhctbc h b npoMtiiiuieHHOH Ghotcxhojiothh jxjisl tch- 
cneuH(J)HMecKoro cafijieHCHHra Tex reHOB, 3Kcnpeccim KOTOpbix cnoco6cTByeT pa3BHTHK) 
Tex hjih hhbix 3a6ojieBaHHH hjih HapyuiaeT npouecc Hapa6oTKH Heo6xoflHMoro npoflyiera. 

10 YpOBeHb TeXHHKH 

H3BecTHU paaHue cnoco6bi H3MeHemw reHCTHHecKHx cbohctb opraHH3Ma. 0#hh 
H3 hhx npeanojiaraioT noBpoKneHHe caMoro rena. K hx qnoiy othochtc* tsk 
Ha3biBaeMUH "HOKayr" reHOB. 3th noaxoAbi npejmojiaraiOT BHeceHHe noBpeac^eHHH 
(MyrauHH) b Bbi6paHHOM reHe b KJieTKax 3apoAbiiueBoro nyrn hjih b ctbo^obhx KJiencax h 

15 no3TOMy nasiZKO He Bceraa Moryr HcnoJib30BaTbCfl iuix H3MeHeHH* cbohctb pa3BHBiuerocji 
opraHH3Ma [L.V. Varga, S. Toth, I. Novak, A. Falus, Immunol. Lett., 1999, vol. 69, p. 217; 
J. Osada, N. Maeda, Methods Mol. Biol., 1998, vol.110, p. 79]. 

B nocjie/mne ro/ifci BbnbiBaeT noBbmjeHHbiH Hmrepec apyroii noaxofl k H3MeHeHHio 
reneTHHecKHX cbohctb opraHH3Ma - Hcno;ib30BaHHe PHK-HHTep4)epeHimH, npHBOiWiuen k 

20 reH-cneuH(J)HHecKOMy canneHCHHry, npn kotopom reH He noBpeamaeroi, a H3MeHaeroi 
ero peryjiamu [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol.14, p. 255; P. 
Sharp, Genes & Development, 1999, vol. 13, p.139]. PHK-HHTep(j)epeHUHH Moacer 
HcnojiL30BaTbc^ juix reH-cneuH(()HHecKoro caHJieHCHHra Ha Jito6bix CTajmax pa3BHTH«, b 

TOM HHCJie H JIM H3MeHeHHH CBOHCTB BSpOCJIOIt) OpraHH3Ma. riOBUUieHHOe BHHMaHHe K 
25 H CC/I en 0 BaHHHM PHK-HHTep(j)epeHUHH CBH3aHO C TeM, HTO OHH n03BOJIHJIH CJIVHaHHO 

o6Hap>0KHTb paHee HeH3BecTHbie upeBHHe MexaHH3Mbi reHHOH peryjuiuHH. 

OH3HOJ10nneCKaW pOJlb 3THX MexaHH3MOB MOHCeT 3aKJlK)HaTbCH B H3MeHeHHH B JIOKaJlbHblX 

crpyKTypax xpomocom, bo bjihahhh Ha aKTHBHOCTb TpaHCKpnnuHH, Ha npoueccHHr mPHK, 
ee TpaHcnopT b iiHTOiwa3My h Ha ee cTa6njibH0CTb. 
30 K HacTOKiueMy BpeMeHH PHK-HHTepcJ)epeHUHH, npHBOiwiuaa k reH- 

cneuHcJ)HHecKOMy caftjieHCHHry, onncaHa Ha pa3JiHMHbix opraHH3Max - neMaTOixe, 
iipo3o4)HJie, rpH6ax, pacreHHax. 
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H3BecTeH cnoco6 H3MeHeHHH reHerHnecKHX cbohctb opraHH3Ma, ocHOBaHHUH Ha 
PHK-HHTep(j)epeHUHH c Hcno«nb30BaHHeM jxjvi 3toh ntna aHTHCMbicnoBOH PHK (acPHK), 
KOTopaK KOMnJieMeHTapHa b aHTHnapajmenbHOM HanpaBJieHHH mPHK BbiopaHHoro reHa, 
CHHTe3HpyeTC« in vitro h bbozihtch b opraHH3M [A. Fire, S-Q. Xu, M.K. Montgomery, S.V. 
5 Kostas, S.E. Driver, C.C. Mello, Nature, 1998, vol. 391, p. 806]. 

OnucaHHMH cnoco6 ocyuiecTBJifliOT cneflyiomHM o6paaoM: 

1. Bbi6HpaioT reH, axTHBHOCTb KOToporo He^ejiaTejibHa; 

2. Totobht reHeTHHecKyio kohctpvkuhk), b mropOH naHHbiH reH HJ1H 
cooTBeTCTByromaa e\ry k^HK 

10 (nocJieflOBaTeJiiHOCTb, cooTBeTCTByiowaa mPHK), T.e. npnpoaHaa flHK, 
opHeHTHpoBaHa b npOTHBonojio^KHOM HanpaBJieHHH h HaxojtfrrcH noA KompojieM 
Hy)KHoro npoMOTOpa. 3thm o6ecneHHBaeroi TpaHCKpHimHfl He3HanameH uenH reHa. 
JJjw noJiyneHH^ kohctpvkuhh Hcnojib3yK)T pa3H0o6pa3Hbie BeKTopw, KOTopue Moryr 
coaeprcaTb nocjieaoBaTeJibHOCTH flHK, Barbie ana cejiexuHH TpaHC(j)opMaHTa, juw 

15 3(J)(J)eKTHBHOH 3KcnpeccHH nepeBepnyToro reHa h una "npaBHUbHoro BnHCbiBamw" 

KOHCTpVKUHH B XpOMOCOMHbie flOMCHbi; 

3. Ha nojiyneHHOH kohctpvkuhh in vitro cHHTe3HpyK>T h bbojwt b opraHH3M acPHK c 
noMOUibio pa3Hbrx MeroaoB (3JieKTponopauHH, HHbeKUHH, per as). 

CymecTBeHHbiM hcho ct anco m 3Toro cnocoSa H3MeHeHH* reHeraHecKHx cbohctb 
20 opraHH3Ma c noMombio PHK-HHTepcfcepeHUHH jrejwerca to, hto npn Hcno;ib30BaHHH 
KOHCTpyKHHH, npeflHa3HaHeHHbix juw cHHTe3a acPHK b pe3ynbTaTe nepecrpoeic MoaceT 
npoH30HTH peBepcna, T.e. npeKpaTHTca 3KcnpeccHfl acPHK h HaqHeTcs chhtc3 
nocjie^aoBaTejibHOCTH cooTBeTCTByiomeH uenH mPHK. T.e. bmccto noaaBJieHH* 
aKTHBHocTH BbiGpaHHoro reHa moecho noJiynHTb ero aKTHBHpOBaHHe . Chhtc3 uenn mPHK 
25 Moacer TaKxee HaiaTbca H3-3a Toro, <rro b MecTe HHcepuHH kohctpvtcuhh Moryr OKa3aTbca 
nocjiejiOBaTeJibHOcro xo3*HHa, HMeiomne npoMOTopHyio aKTHBHocn, b uenH, 
cooTBeTCTByiomeH uenH mPHK. BepoaTHOCTb TaKHx co6hthh Bbicoica. 

HanGojiee j^MOHCTpaTHBHO BbicoKaa BepoaTHOCTb peBepcun noiiTBepxcfleHa 
pa6oTaMH c rpaHcreHHbiMH opraHH3MaMH. Kohctpvkuhh npn stom BBojiHJiHCb c 
30 npoTHBonono>KHOH uejibio - jio6HTbca 6oJibiueH aKTHBHocTH KaKoro-/iH6o rena. O/waKo, 
peBepcHH b pe3yjibTaTe cnoHTaHHoro aKTHBHpOBaHHfl TpaHCKpHnuHH c 
npoTHBonono»cHOH uenn npoBOflHJiH He k yBejinneHHio aKTHBHocTH reHa, a k nojiHOMy ee 
noaaBJieHHK), T.e. k reH-cneuH^HMecKOMy cailneHCHHry b pe3ynbTaTe PHK- 
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HHTep4>epeHUHH [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol.14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p.139). 

CyiUHOCTfc H306peTeHHH 

5 npennoaeeH cnoco6 H3MeHeHHH reHeTHHecKHX cbokctb opraHH3Ma nyreM PHK- 

HHTep4>epeHUHH, npHBoaaiiieH k reH-cneuH<})HHecKOMy caHJieHCHHry Bbi6pauHoro reHa c 
noMOWbio MOJieKyn PHK, cHHTe3HpoBaHHbix in vitro, bkji lonawmHH Hcnoju>30BaHHe 
MoneKyji PHK, KOMimeMeHTapHbix b napajineJibHOM HanpaBJieHHH (nicPHK) mPHK 
Bbi6paHHoro reHa, npH 3tom nicPHK CHfrraHpynrr in vivo win in vitro Ha hckvcctbchhoh 

10 nocjieAOBaTeatHOCTH jO[HK, HMeiomeH 3epKajn>HO-CHMMeTpHHHyro nocflenoBaTejibHocrb 
HymieoTHAOB (3epKaJibHaa HHBepcua) no othouichhio k nocjieaoBaTenbHOCTH 
HyroieomaoB reHa. 

nepeneHt (Jmryp 

15 OHr. 1 npHBOOTT aaHHtie o CTpyicrype ^HK-KOHCTpyKUHH, co/iepacameH . 

3epKajibHyio noaieflOBaTejibHOCTb HyKJieoranoB oTHocHTejibHO reHa Ion E. coli h 
npeAHa3Ha«ieHHOH nsix sxcnpeccHH rncPHK, me: 

a - B3aHMooTHonieHH* noaie/iOBaTejibHOCTeH HyKneonmoB rena Ion h 
HCKyccTBeHHOH xHMH^ecKH CHHTe3HpoBaHHOH nocJieflOBaTejibHocTH ,HHK, 3epKanbHO- 
20 cHMMerpHHHOH OTHocHTejibHO reHa (+ uenH cooTBeTCTByioT nocjieaoBaTejibHOCTHM 
hkPHK parlon h mPHK); CHHTe3HpOBaHHaH JIHK b kohctpvtciihh naxoAHTca non 
KOHTponeM npoMOTopa lac, o6ecneHHBawiiiHM 3KcnpeccHio mePHK parlon; 
6 - B3aHMooTHOiueHH* Meamy mPHK reHa Ion h nicPHK parlon; 
b - reHbi b lux-peryjioHe: npoMOiopw pr h pi b lux-peryjioHe pa6oiaioT Ha pa3Hbix 
25 ueiMx, reHbi noKa3aHbi cBeT/ibiMH npjiMoyrojibHHKaMH; Lon 6eJioK nerpaaHpyeT npoflyia 
reHa R, aKTHBHpyioiHHH pi h, TeM caMUM, npenaTCTByeT pa6oTe reHOB, o6ecneqHBawiUHX 

JHOMHHeCUeHUHK). 

0>Hr. 2 noKa3biBaeT pe3yjibTaTbi jiWMHHecueHiiHH KneTOK £. coli, KOTopa* 
HaonioflaeTCH npa canjieHCHHre rena lon b pe3ynbTaTe 3KcnpeccHH (parlon), w: 
30 Lux-perynoH Vibrio fischeri 6biJ3 BBeaen b lon* kjih lon* kjictkh E. coli. B 

noJiyMeHHbie lon* KJieTKH aonoJiHHTeJibHO nopo3Hb bboahjih TaioKe kohctpvkhhk), 
C03iiaHHyK) Ha ocHOBe BeKTopa pUC12, cnocoGHyio 3KcnpeccHpoBaTb hkPHK parlon hjih 
hcxouhvk) njia3MH^y pUC12, He conepttamyio BCTaBKH. noicasaHa saBHCHMOCTt 
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hhtchchbhocth JnoMHHecuemwH cycneH3HH icneTOK, onpejiejiaeMaa c noMoiubw 
jiioMHHOMeTpa (□V), ot onraHecKOH hjiothocth (OD 550 ). CaHJieHCHHr reHa Ion BtDUBaer 
cBe^eHHe TpaHC(J)opMaHTOB, conepacauiKX KOHCTpyKUHK) parlon. 

(pur. 3 npe^daBJi^eT aaHHbie o CTpyioype J^HK-KOHcrrpyKUHH, coAeprcameH 
5 3epicaJibHyK> nocneaoBaTeJibHOCTb HyKJieomaoB oTHOCHTeJibHO reHa Kruppel apo3o4)HJibi 
h npe/iHa3HaHeHHOH jxnsi 3KcnpeccHH nKPHK (Kr-par), tug: 

a - B3aHMOOTHOUieHH* nocJieflOBaTejibHOcrreH HyKJieoTHjiOB reHa Kr h 

HCKyCCTBeHHOH XHMHHeCKH CHHTe3HpOBaHHOH IIOCJieflOBaTeJlfeHOCTH flHK, 3epKanbHO- 

CHMMerpKHHOH OTHOCHTeJibHO reHa (+ uenH c ootb ercTByiOT nocjieflOBaTejibHocTHM 
10 hkPHK Kr-par k mPHK); CHHTe3HpOBaHHan £HK b KOHcrpyKUHH HaxoAHTca noa 
KOHTpojieM npoMOTopa PHK nojiHMepaau T7, oSecneHHBaiomHM 3Kcnpeccnio hkPHK Kr- 
par (cHHTe3 no apyroH uenH koh cTpyKUH h b Beiaope pGEM-1 oGecneHHBaerc* 
npoMOTopoM PHK nojiHMepa3bi SP6); 

6 - B3aHMOOTHomeHiw Mowry mPHK reHa Kr h hkPHK Kr-par; 
15 Oht. 4 noKa3biBaeT (JjeHOTHnw nopManbHOH jihhhhkm Apo3o4>nJibi h (fceHOKonHH 

Kr, nojiyneHHbix nocjie HHbeKUHH nKPHK Kr-par, nie: 
a - <}>eHOTHnbi HopMajibHOH jihhhhkh Apo30<l>HJibi, 

6 - <j)eHOTHnbi JiHHHHKH, pa3BHBUieHC* H3 3M6pH0H0B, HH*beuHpoBaHHbix PHK Kr- 
par, HMeromHX aeJieuHH TopaxajibHbix cerMeHTOB, a Tarace oflHoro nepeflHero 
20 a6,aoMHHajibHoro cerNteHTa, 

b - 4)eHOTHnbi jihtohkh, pa3BHBiueHC* H3 3M6pHOHOB, HHi>euHpOBaHHbix PHK Kr- 
par, HMeiouiHx ,aejieuHH TopaicajibHbrx cerMeHTOB, a TaiOKe Tpex nepeziHHX 
a6iiOMHHaJibHbix cerMeHTOB. 

Crpenica yica3biBaeT aTonHnecKH pasBHBineeca auxajibue, TaioKe xapaicrepHoe jum 

25 (JieHOTHna Kr. 

PaCKpblTHe CyilJHOCTH H306peTeHHfl 

B ocHOBy npeiuiaraeMoro H3o6peTeHH* nonoaceHa saaana noBbimeHH* Haae>KHocTH 
PHK-HHTep(J)epeHUHH, npn KOTopoH 6buiH 6bi HeB03M0*Hbi peBepcHH, npHBO^HIUHe K 
30 CHHTesy uenH mPHK Ha KOHCTpyKmwx, hcxoaho npcywasHaHeHHUX una ren- 
cneuH(J)HHeKoro canneHCHHra. 

npejuiorceH cnoco6 H3MeHeHH* reHeTHHecKHX cbohctb opraHH3Ma nyreivt PHK- 
HHTep4>epeHUHH, npHBo/wweft k reH-cneuH4)HHecKOMy canjieHCHHry Bbi6paHHoro rena c 
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noMoiubio MOJieKyji PHK, cHHTe3HpOBaHHtix in vitro, npH 3tom Hcnojib3yK)T MOJieicyjibi 
PHK, KOMnJieMeHTapHbie b napajmejibHOM HanpaBJieHHH (riKPHK) mPHK Bbi6paHHoro 
reHa, Koropsie CHHTe3HpyiOT in vivo hjih in vitro m HCKyccTBeHHoft nocjiejiOBaTenbHOCTH 
/JHK, HMeiomeH 3epKajibHO-CKMMerpHHHyK> nocJieflOBaTejibHocTb HyiuieoTHflOB no 
5 oTHomeHHK) k nocjienoBaTeJJbHOCTH HyKJieonmoB reHa. 

ripeaJiaraeMtiH cnoco6 npHBOOTT k 3(j)({)eKTHBHOH PHK-HHTep<j)epeHUHH h reH- 
cneuH(})HHecKOMy cailneHCHHry h HCKJHonaeT cHirre3 mPHK, t.k. b KOHcrpyKUHSX 
HcnoJib3yercK HeroMOJioranHaa HCKyccrBeHHaa nocjieaoBaTenbHOCTb j^HK. 
npe^Jio)KeHHbiH cnoco6 ocymecTBJiaioT cJieayiomHM o6pa30M: 
10 1. Bbi6npaiOT reH, aKTHBHOCTb KOToporo HeaceJiaTejibna (t.c OHa npmojxnT k 
3a6oJieBaHHio hjih HapyuiaeT GnoTexHOJiorH^ecKHH npouecc); 
2. XHMHqecKH cHHTe3HpyK)T HCKyccTBCHHyio nocjie^OBaxeJibHOCTb Z(HK, HMeiomyio 
3epKajibHoe nepe^oBaHHe Hyicn eonmoB no oxHonieHHio k Bbi6paHOMy reHy hjih ero 
Hacra; 

15 3. Totobht reHeniqecKyK) KOHCTpyKUjno, b kotopoh HcnoJib3yK>T pa3Hoo6pa3Hbie 
BCKTOp bi, coaepKanwe CHHre3HpoBaHHyio flHK non HyacHbiM npoMOTopoM h apyniMH 

nOCJie^OBaTeJIbHOCTHMH, BaaCHHMH flJM 3<j>4>eKTHBHOH 3KCnpeCCHH H una 

"npaBHJibHoro BnncbiBamia" KOHcrrpyKUHH b xpoMocoMHbie aoMeHbi; 
4, KoHCTpyKUHio TeM hjih HHbiM nyreM bbojwt b opraHH3M juia CHHTe3a nKPHK in vivo 
20 (TpaHC(j)opMauHH), jih6o niePHK CHHTe3HpyiOT in vitro Ha KOHCTpyKUHH h bbojwt b 

0praHH3M C nOMOIIIbK) HHbeKUHH. 

H3o6pereHHe noflCHaerca KOHKpeTHbiMH npHMepaMH ocymecTBJieHH* cnoco6a 

H3MeHeHHH reHeTHMeCKHX CBOHCTB OpraHH3Ma, B KOTOpblX 3TH H3MeHeHH* npOKBJIHK)TCH 

KaK H3MeHeHH« (JjeHOTHna, h HJiJHOcrpHpyercH 4 <j)HrypaMH. 

25 

CBeneHHH, noflTBep^KnaiomHe bo3MO)KH0CTI> 
ocymecTBJieHHfl H3o6peTeHHH 

ripHBefleHHbie aajiee npHMepu hb/uhotch np e,nn ohtht e ji b h mmh , npejma3HaHeHbi 
JiHUib una noflTBep^caeHHJi bo3mo>khocth ocyiuecTBJieHHa H3o6peTeHH* h He aojhkhm 
30 crraTb ocHOBaHHeM ana orpaHHHeHH* o6beMa npiroraaHHH 3a*BHTejia. CneuHanHCT b 
naHHOH o6jiacrH TexHHKH 6e3 Tpyay Haitaer bo3MO*choctk hhhx BonnomeHHH 
H3o6peTeHHfl, KOTopue 6e3ycJioBHO nojmaaaiOT noa npHnnaHHfl 3axBHTeJia, OTpaaceHHbie 

B (})OpMyJie H306peTeHHK, npHBOJUHMOH HH3Ke. 
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IIpHMep 1. PHK-HHTep(j)epeHUHH b KJiencax Escherichia coli c noMOim>K> 
MOJiexyji PHK, KOMiuieMeirrapHbix b napajuieJibHOM HanpaBJiemw mPHK reHa Ion, 
CHHTe3HpoBaiiiibix in vivo. 

TeH Ion BuopaH b KanecTBe Monejin, nocKOJibKy oh abj^ctc* ojihhm H3 
5 KJnoneBbix b peryjwuHH mhothx npoueccoB b KJieTKax E. coli. 

XHMHnecKH CHHTe3Hp0Bafla HCKyccTBeHHaa noc^eiioBaTejibHocTb JJtfK ajihhoh 95 
bp (bp - napa ocHOBaHHH b JIHK hjih PHK), HMeroiuaa 3epKanbHO cHMMeTpHHHyio 
nocJieaoBaTejibHOCTb HyKneoTHHOB no othoidchhio k cooTBercTByiomeH o6jiacrH reHa Ion. 
3Ta flHK Hcnonb30Bana win co3flaHHfl kohctpykuhh Ha ocHOBe Beicropa pUC12, b 
10 KOTopofi noji KOHTpoJieM lac-npoMOTopa h ax oil pitch uenb, 3KcnpeccHpyiomaa nKPHK 
parlon (Out. I a, 6). 

nonyMeHHan KOHcrpyKUH« c noMOiubio TpaHC^opMaiiHH BBejieHa b kjictkh E. coli. 
3a bjihahhcm nKPHK parlon Ha aKTHBHOcrb 3HfloreHHoro reHa Ion cjiezurr 
no 34>tJ)eKTy nocjiejmero Ha pa6oTy lux-peryjioHa, BHeceHHoro b kjictkh E. coli H3 kjictok 

15 Vibrio fischeri. .Lon-npoTea3a KBJiaeTCH eeraTHBHbiM peryjiaTopoM lux-perynoHa, t,k. OHa 
cneinnjwHecKH jjerpaflHpyeT 6e;i0K LuxR. IlocjieOTHH b KOMiuieKce c aBTOHHiiyKTopoM 
3anycKaeT chhtc3 6cjikob, o6ecneHHBaromHx jnoMHHecueHUHjo. FIpoMOTopbi pr h pi b iux- 
peryjioHe pa6oTaioT Ha pa3Hux uenjix, reHbi noKa3anbi cseTJibiMH npHMoyrojibHHKaMH 
(<X>ht. 1 b). Akthbho pa6oTaioiiiHH reH Ion BbnbiBaeT penpeccHio TpaHCKpHiiUHH lux- 

20 peryjiOHa, hto 4>eH0THnHHecKH npoaBJiKeTca b noaaBJieHHH JiKMHHecueHUHii. HanpOTHB, 
caH/iencHHr reHa Ion npHBo/un* k yBeJiHHeHHio KOHu.eHTpau.HH LuxR h, cJienoBaTejibHo, k 
aKTHBaiiHH TpaHCKpHnuHH lux-peryjiOHa, hto npHBo/iHT k 3aMeTH0My ycaneHHio CBeneHHJi 
kjictok. Lux-peryjiOH b cocraBe 16 kb BamHI qbparMeHTa JJJdK Vibrio fischeri, 6bui 
BBejieH B Ion"" KJieTKH E. coli K12 AB1157, a TaioKe b Ion' kjictkh E. coli K12 AB1899 

25 (lonl). 

B noJiyHeHHbie Ion* KJierxn jjonoJiHHTejibHo nopo3Hb bboaat TaioKe KOHCTpyKOHK), 
C03aaHHyio Ha ocHOBe Beicropa pUC12, cnoco6nyK) 3KcnpeccHpoBaTb nKPHK parlon hjih 
Hcxojnjyio nJia3Mimy pUC12, He cojiepjKamyK) BCTaBKH. CafijieHCHHr reHa Ion 
onpeaeJiaioT no B03pacTaHHK> cBeneHH* kjictok. HHTeHCHBHOCTb JnoMHHecuemiHK kjictok, 
30 3KcnpeccHpyioinHx nKPHK parlon B03pacraeT Ha HecKOJibKO nopjiaKOB no cpaBHeHHK) c 
KOHTpoJieM, coaeprcameM HcxojxHyio mia3MHfly pUCl2 (3>Hr. 2). 

TIpH BbipamHBaHHH TpaHc4>opMaHTOB parlon Ha TBepflbix cpejiax Ha6iiioiiajiH 
pa3BHTHe tJ cjm3HCTbix M kojiohhh, hto xapaKTepHO ana Ion" (J)eHOTHna hjih caHJiencHHra 
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reHa Ion. 

nprnwep 2. noJiyneHHe <|)6HOKoiihm Kruppel (Kr) npa Hm>eKiiHHX b 3m6phohw 
apo3o4wjibi PHK, KOMnjieMeHTapHOH mPHK b napaJiJiejibHOM HanpaBJieHHH, 
CHHTe3HpOBaHHOH in vitro. 
5 Kr - roMeoTHnecKHH reH, aKTHBHWH yace b 3HroTe h KOHTpojinpyioiirHH 

06pa3OBaHHe CerMeHTOB Ha paHHCH 3M6pHOHaflbHOH CTaflHH pa3BHTH* i^O^HJ™ Bbl6paH 

b KaHecrae McnejiH, no3BonjnomeH Ha6jiK>aaTb paHHee pasBume b MHoroioieTOHHOM 
opraHH3Me. MyTaHTw Kr hmwot nejieiiHH npHJioKamnx TopaicaJibHbix h nepeflHux 
a6^0MHHaJibHtix cerMeHTOB. OeHOTHmrqecKH 3to 3aMerHO cpa3y noaie pa3BHTHx 
10 KyniKyjiw h BbinyruiHBaHiM jjhhhhok. MyraHTH Kr hmciot aejieirHH TopaKaii b h hx 
cerMeirroB h ot oflHoro jxo HecKOJibKHX a6flOMHHaflbHbrx cerMeHTOB, a HHonja TaKxee 
aTonnMecKH pa3BHBiuHeca flbixajibna b nepemieH nacTH Tejia jihhhhkh [E. Weischaus, C. 
Nusslein-Voihard, H. Kluding, Development, 1984, vol. 104, p. 172]. TaKHM o6pa30M, 
MyTaHTbi Kruppel HMewT yHnxajibHUH <J>eHOTHn, npoHBJiHioiuHHCH yrce nepe3 cvtkh 

15 pa3BHTH* 3M6pHOHOB ApO30<j)HJIU, HTO Vflo6HO JUW H3VHeHHS BJIHflHHa PHK Ha (J)eHOTHII. 

AonojiHHTejibHbiM apryMeHTOM c nojib3y Bu6opa jiaHHOH moacjih 6btno to 
o6cTOHTeJibCTBO, hto BUHUHMe HHbeKUHH aHTHCMbicjioBOH PHK Kr 6bino npoBeaeHo paHee 
[U.B. Rosenberg, A. Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 
703]. 

20 XHMHHeCKH CHHTe3HpVK)T HCKVCCTBeHHVK) nOCJieflOBaTeJIbHOCTb flHK JUIHHOH 160 

bp, HMeiomyK) cHMMeTpHHHyio nocJieflOBaTejibHocrb HyioieoTimoB no o6iiacTH reHa Kr 
(Oht. 3 a, 6). CjiejryeT noflHepKHyn,, hto aHTHCMbicjiOBbie PHK cHHTe3HpyK)T Ha 
He3HanaineH uerw Toro ace caMoro reHa, Torfla KaK nKPHK mohcct 6uTb ch HTe3HpoBaHa 
TOJibKO Ha reTepojiorHHHOH nocjieflOBareJibHOCTH £HK, HMeiomeH 3epKajibHO- 
25 CHMMeTpHHHoe nepe^oBaHHe. 

CHHTe3HpOBaHHVK) JJHK HCnOJIb3VK)T nOJlVHeHHH KOHCTpVKUHH B BdCTOpe 

pGEM-1, no3BOiiHK>uiHM c npoMOTopa PHK nojiHMepa3bi T7 bccth cumei nicPHK. 
nxPHK 6buia Ha3BaHa Kr-par, t.k. 0Ha KOMiuieMeHrapHa mPHK reHa Kr b napannejitHOM 
HanpaBJieHHH. 

30 3m6phohm jihhhh Oregon RC HHbeimpywT npenapaTaMH hkPHK b o6jiacn> 

ruia3Wbi 3ajwero nojiioca na cTajiHH chhuhthh h HHKy6HpyioT noix bo^oh npn 25°C b 
TeneHHe 18-24 nacoB. 3aTeM totob^t npenapara KyTHicyjibi h Ha6jiK>jaaK>T pa3BHTHe 

CerMeHTOB JIHHHHOK nOR (j)a30BO-KOHTpaCTHHM MHKpOCKOnOM. 
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06HapyaceHO pa3BHTHe jihhhhok HMeiomnx xapaKTepHUH Kr-4>eHoran. B 

KOHTpOJISHBIX 3KCnepHMeHT3X, nOCJie HHbeKUHM PHK, CHHTe3HpOBaHHOH Ha 

npoTHBonoJioxcHOH uenn toh ace kohctpvkuhh c noMombw SP6 PHK nojiHMepa3bi, 
Ha6jiK>naioT TO-UbKO pa3BHTHe HopManbHbix jihhhhok. 
5 <Dhi\ 4 npeflCTaBJiaer HopMaJibHyio JiHHHHKy (a), a Taoce flBe .qhhhhkh, 

nonyMeHHbie nocjie HHbeicuHH npenapaia Kr-par (6, b). FlocJiejiHHe hmciot aeJieuHH 
TopaKaJibHbix ceraeHTOB h oflHoro hjih Tpex 6pioiiiHbix cerMeHTOB h 3KTonHHecKH 
pa3BHToe flbixajibue b nepeimeH Macro Tejia jihhhhkh, hto xapaicrepHO zuw (j)eHOTHna Kr. 
^acTOTa noaBJieHH* (jjeHOKonHH Kr nocjie HHbeKimn PHK Kr-par npHMepHo 
10 cooTBeTCTByeT TaKOBOH nocjie HHbeicuHH cooTBercTByiomeH acPHK [U.B. Rosenberg, A. 
Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 703]. rioicaaaHO, hto b 
MHoroKJieroHHOM opraiW3Me, B03fleHCTBya nicPHK Ha siccnpeccHK) KJiioHeBoro reHa 
ilH(t)(})epeHUHpoBKH, noJiynaiOT HanpaBJieHHoe H3MeHeHne reHeTHHecKHX cbohctb 
opraHH3Ma. 

15 TaxHM o6pa30M, o6HapyaceHO BJimmne 3epKaJibHbix HHBepcHH HYKJieomiiHbix . 

nocjieaoBaTejibHOCTeii, TeM hjih hhum nyreM BBejieHHbix b opraHH3M, Ha ero (fceHOTHii. 
OcHOBHoe npeHMymecTBO npejyiaraeMoro cnoco6a coctoht b tom, hto 3epKajitHbie 
nocjiejioBaTejibHOCTH cnoco6Hbi o6ecneHHTb CHHTe3 nicPHK h PHK-HHTep^epeHiiHio, ho, 
6yoyHH rerepoJiorHHHUMH nocjieflOBaTejibHocraMH, He MOiyr cHHTe3HpoBaTb 

20 cooTBeTCTByiomyK) mPHK. rio3TOMy npH Hcnonb30BaHHH 3Toro no/ixofla 
("najiHHflpoMHbm noaxojf ), » otjihhhc ot TpaiiHUHOHHoro cnocoGa, HcnoJib3yewero 
acPHK ("aHTHCMbicJiOBOH nozixofl"), He MO>KeT npoH30HTH peBepcHH h HanaTbca chhtc3 
uenH mPHK. 

H3o6peTeHHeM npeflJiOHceH o6ihhh noaxofl k H3MeHeHHK> reHerHHecKnx cbohctb 

25 OpraHH3Ma, OCHOBaHHblH Ha 6HOJIOrHHeCKHX CBOHCTBaX 3epKaJIbHbIX HHBepCHH 

HyKJieoTHzmbix nocjieziOBaTejibHOCTeH h peanH3yiomHHCH b PHK-HHTep4)epeHiwH, 
npHBOXwmeH k reH : cnenH4>HnecKOMy caHJieHCHHry. ripejuiaraeMbiH cnoco6, ocHOBaHHbm 

Ha o6Hap>OKeHHOH BblCOKOH H H36HpaTeJIbHOH 6HOJIOrHHeCKOH aKTHBHOCTH TpaHCKpHIITOB 

c 3epKajibHbix HHBepcHH HyKJieoTHOTbix nocJieAOBaTeJibHOCTeii, npHBOjiHT k H3MeHeHHio 
30 (JieHOTHna h mohcct 6brrb Hcnonb30BaH /urn uejien reHOTepanHH b Me^HUHHe, a Tarace b 
ceJibCKOM xo3HHCTBe h B rtpOMbiuineHHOH 6HOTexHOJiorHH ana reH-cneuH<})HHecKoro 
cafiiieHCHHra Tex reHOB, 3Kcnpeccna KOTopbix cnoco6cTByeT pa3BHTHio Tex hjih hhmx 
3a6oueBaHHH hjih HapymaeT npouecc Hapa6oTKH Heo6xo;iHMoro npojtyKTa. 
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Cnocoo H3MeH6HitH reHeTHHecKHx cbohctb opraHH3Ma nyreM PHK- 
HHTep(J>epeHUHH, npHBOflsmefi k reH-cneun^HHecKOMV caHJieHCHHry Bw6paHHoro reHa c 
5 noMouibio MoneKyji PHK, cHHTe3HpoBaHHHX in vitro, oTJiHHaiowHHCH tcm, hto 
HcnonB3ywT MOJieicyjibi PHK, KOMiuieMeHTapHbie b napajuiejitHOM HanpaBJieHHH (iikPHK) 
mPHK Bbi6paHHoro reHa, npH stom nxPHK CHHTC3HpyK)T in vivo win in vitro Ha 
HCKyccTBeHHOH nocneaoBaTeJibHOCTH flHK, HMeiomeH 3epKajibHO-CHMMeTpHttHyK) 
nocjie.aoBaTejibHOCTb HyKJieoTH/iOB (3epicaju,Haa HHBepcHa) no othouichhio k 
10 nocjieflOBatejibHOCTH HyKJieomaoB rena. 
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OCb CMMMeTpMM 



HcxyccTBeHHaa nocneAOBaTenbHOCTb 

<■ 5'ACAGT...TAC...ACGCG 3' 
3'TGTCA. . . ATG .. .TGCGC 5" 




reH 

5'...GCGCA...CAT...TGACA... 3' 
3'...CGCGT...GTA...ACTGT... 5' + 



parlon, 95 bp 
ACAGU...UAC...ACGCG 



m PHK, 2.4 kb 




B 



Pr I C D A B E 

i n nr 



pi 



A 
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OCb CMMMeTpMM 



MCKyccreeHHafl nocneflOBaTenbHocrb 

+ 5'TTTTA. . TAC. . AGTCG 3' 
3 ' AAAAT. . . ATG . . TC AG C 5' 



reH 



5\..GCTGA...CAT...ATTTT... 3' 
3\..CGACT...GTA...TAAAA... 5' + 




Kr-par, 160 bp 
UUU U A. . . U AC . . . AG UCG 



mPHK, 2.5 kb 



+ 3' 



AAAAT. . . AUG. . TCAGC 



4>wn 3 
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